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ABSTRACT 

Results of 14 tests in a subsonic cascade are reported 
in which the air inlet angle and Reynolds number were varied. 

The cascade contained 20 Controlled Diffusion (CD) blades, 
with 5.01 inches chord, aspect ratio of 2.0 and solidity of 
1.67. Pneumatic probe surveys and surface pressure 
measurements were used to obtain blade performance and flow 
quality data. There was no measurable influence of the 
Reynolds number on the blade losses in the range of 
Re. = 474000 to Re. = 690000. Fourteen tests, using seven 
different inlet air angles over a range of 24 to 46 degrees 
generated generally well behaved blade performance parameters. 

The results were compared with previous results from a 
corresponding cascade of DCA blades. 
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INTRODUCTION 



I . 

A numerical optimization technique to design CD blading 
was developed by NASA [Ref. 1] and used to replace Double - 
Circular-Arc compressor blading in the stator of an axial 
transonic compressor. The purpose of the present study was 
to measure the on and off-design blade element performance 
of the CD blading section designed for the stator mid-span, 
and to compare the results with results obtained earlier 
for the DCA section which it replaced. 

Preliminary measurements with the DCA blading were 
reported by Cina [Ref. 2] and Molloy [Ref. 3]. Cina showed 
that a modification to the Inlet Guide Vane (IGV) assembly 
was necessary to achieve periodic flow from one three inch 
test-blade passage to the next. The IGV assembly was 
modified such that the vanes were placed at one inch rather 
than two inch intervals. Molloy encountered IGV blade 
flutter after the modification. To overcome IGV flutter, 
plenum chamber turning vanes were installed to reduce 
turbulent excitation and the vane actuating mechanism was 
stiffened. With much improved flow quality, Himes sub- 
sequently obtained and reported performance data for the 
(reference) DCA blade section. 
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The present report documents an experimental program 
of 14 tests carried out using the CD blading. A description 
of the test facility and instrumentation is given in section 
II. In section III cascade concepts are discussed and the 
experimental procedures which were followed in obtaining 
data are explained. The cascade configuration and test 
parameters are given in section IV. Results are presented 
in the form of figures and tables and where necessary, as 
separate appendices. The flow quality documentation is 
given in Appendix A. Appendix B contains a description of 
data storage. 
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II. TEST FACILITY 



A. HIGH REYNOLDS NUMBER CASCADE 

The cascade and power supply system are shown in Figure 
1. A detailed description is given in Reference [5]. 

Figure 2 shows a view of the cascade. 

The cascade test section instrumentation placement is 
given in Figure 3 with physical dimensions The test 
facility was the same as that used by Himes [Ref. 4] . Plenum 
modifications were reported in Reference [6] . 

B. INSTRUMENTATION 

1 . Survey Probes 

Measurements were taken in the spanwise and blade- 
to-blade directions using two five hole probes at the 'upper' 
and 'lower' planes. (Figure 3) 

A DC- 12 5 - 24 - F- 2 2 - CD probe, serial number A971-2 
was used for upper plane surveys. A DA-125 probe, serial 
number A847-1 was used for lower plane surveys. 

2 . Reference Probes 

Three probes were used for reference static and total 
pressure measurements. 

Plenum chamber reference total pressure was measured 
using a pressure tube placed in the plenum. Reference static 
pressure was measured using a wall static port at the lower 
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plane of the cascade: A pitot-static probe (aligned with the 

inlet flow) ahead of the test blading was used to give 
redundancy in reference measurements. 

3 . Wall Pressure Taps 

Twenty pressure taps were located in the blade-to- 
blade direction two inches apart at the lower and upper 
planes of the cascade south wall. To visualize the static 
pressure distributions at the lower and upper planes each 
set of taps was connected to a water-column manometer bank. 

4 . Acquisition and Reduction System 

Data were acquired using a Hewlett Packard HP-3052 
Data Acquisition System. The HP-9845A desktop computer was 
used as the system controller for data acquisition and for 
data reduction and plotting. The necessary programs are 
documented in Reference [7]. 

Two 48-port Scanivalves connected to the acquisition 
system via a NPS/TPL HG-78K Scanivalve Controller and a 
HP-98054 HP-IB Interface Bus allowed all probe and reference 
pressures to use a single transducer. Blade surface pres- 
sures were sensed by the second Scanivalve transducer. 

A schematic of the acquisition system is shown in 
Figure 5 . - 

5 . Measurement Uncertainty 

Measurement uncertainties are listed in Table I. 



13 



III. EXPERIMENTAL PROCEDURES 



A. GENERAL 

1 . Flow Quality 

Flow uniformity, periodicity, and pseudo two- 
dimensionality are discussed extensively in References [8,9, 
10 ] . 

Uniformity is a common requirement for all wind 
tunnels and describes the degree of constancy of measured 
values in the blade - to - blade and spanwise directions at the 
inlet plane and in. the spanwise direction at the outlet 
plane . 

Periodicity is considered to imply identical condi- 
tions in one blade passage to the next at the outlet plane. 

Two dimensional flow conditions must also be satis- 
fied in the test section. This implies that the flow in 
the central test plane be independent of the spanwise 
displacement. Blade force vectors were calculated using 
probe survey data in the blade - to-blade direction with the 
application of the principle of conservation of momentum. 
Blade force vectors were also computed by integrating surface 
pressure distributions. The degree of agreement in the 
two calculations would be expected to be also a measure of 
the degree of two -dimens ional ity . 
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2. Flow Geometr 



Figure 6 illustrates the definition of each geometri- 
cal parameter used in the calculations. For angular measure- 
ments a positive angle is defined as an angle from a vertical 
reference line in the clockwise direction. 

3 . Reference Quantities 

To remove time dependency of inlet dynamic pressure 
caused by atmospheric fluctuations and variations in blower 
speed, each pressure measurement was referenced to plenum 
conditions, a procedure validated earlier by Duval [Ref. 10]. 

4 . Performance Parameters 

Table II shows the formulas which were used for 
calculation of the performance parameters. 

B. SPECIFIC TEST PROCEDURES 

1 . Probe Calibration 

The calibration constants were obtained using 
Zebner's analytical surface approximation method [Ref. 11] 
and a computer program developed by Neuhoff [Ref. 12]. 

2 . Test Section Setup and Adjustment 

Variations in inlet air angle were obtained by fixing 
the blade chord angle and varying ^^rall angle and IGV setting. 
A check of the inlet air angle was made with the lower probe 
placed at midspan in the center of the blade- to-blade 
position. 
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To avoid potential IGV flutter, following Reference 
[4] the IGV' s were moved only when the blower was turned off. 

3 . Test Measurements 

a. Blade- to-Blade Survey 

Blade- to-blade surveys were conducted using the 
upper and lower plane probes simultaneously. Both probes 
were located at midspan and were traversed in the blade-to- 
blade direction with the loiter probe trailing the upper by 
1.5 inches. Measurements were recorded over four adjacent 
blade spaces, namely, the blade spaces to the left and to 
the right of the instrumented blade. Survey points were 
spaced 0.25 inches apart over the outermost spaces and 0.1 
inch over the two innermost spaces. The close spacing 
(0.1 inch) was used in order to define one blade wake as 
precisely as possible. 

b. Spanwise Survey 

Spanwise data were taken at the lower and upper 
planes separately. First, the lower probe was placed at 
least one blade passage away from the upper probe location. 
The upper probe was placed one inch from the suction side of 
the center blade and a spanwise survey was carried out 
using 0.5 inch increments. 

After completing the upper probe survey, the 
lower probe was placed one inch from the pressure side and 
a similar spanwise traverse was carried out. 
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Instrumented Blade Pressure Distribution 
Blade pressure distribution data were recorded 



c . 



from the instrumented blade after completing blade-to- 
blade and spanwise probe surveys. 
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IV. TEST CASCADE AND PARAMETERS 



A. BLADING 

For the tests reported herein, twenty controlled 
diffusion (CD) blades were used. 

Design data for the test blading, which were constant 
for the tests, are presented in Table III. The terminology 
and notation used here generally follows Reference [8] . 

The three blades which were placed in the center of 
the test section were instrumented with static pressure 
taps in order to obtain and verify the blade pressure 
distribution. The static pressure taps were located at 
the midspan of each blade. The center blade contained 39 
and two adjacent blades each contained six pressure taps. 

The center instrumented blade pressure tap locations 
are shown in Figure 6. 

B. TEST PARAMETERS 

1 . Inlet Air Angle 

The inlet air angle ranged from 24 to 46 degrees. 
Definition of reference minimum-loss incidence angle and 
selection of the incidence angle range with respect to 
the reference incidence angle are discussed extensively in 
Reference [ 8 ] . 
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Reynolds Number 



To examine the possible effect of Reynolds number on 
the performance of the test cascade each inlet air angle was 
tested at two different Reynolds numbers. 

The Reynolds number and inlet air angle for each 
test are listed in Table VI. 
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V. RESULTS 



Blade- to -blade probe traverse, spanwise probe traverse 
and blade surface pressure data were reduced and the results 
are presented in the form of figures and tables. The 
results are grouped in order to separate the uniformity and 
periodicity verification from the results for the blade- 
element performance parameters. 

A. FLOW QUALITY 

Uniformity and periodicity results are presented in 
Appendix A and are summarized in Tables V, VI and VII. 

B. CASCADE PERFORMANCE 

Cascade performance parameters evaluated from measure- 
ments are plotted in Figure 7 through Figure 14 and are 
listed in Table VII. 
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VI. DISCUSSION 



A. FLOW QUALITY 
1 . Uni formity 

The departure from uniformity of the dynamic pressure 
static pressure, total pressure, non-dimensional velocity, 
inlet and outlet angle are summarized in Tables V, VI and VII 

The blade performance parameters were obtained from 
blade- to-blade traverse data with the survey probes at 
the midspan section of the cascade. Tables V, VI and VII 
show the maximum and minimum deviations of the calculated 
values of specific parameters over the center twenty percent 
of the blade span, near midspan, and in the blade-to-blade 
direction. In the upper and lower planes, flow angle, non- 
dimensional velocity and dynamic pressure were acceptably 
uniform in the spanwise and blade-to-blade directions. 

In the lower plane due to small absolute values* on 
which they were based, static and total pressure deviations 
were indicated to be up to 26 percent, however the pressures 
themselves were considered to be acceptably uniform. 



^Uncertainty for pressure measurements was +0.01 in. H ? 0. 
Magnitude of the uncertainty corresponded closely to the 
values of the deviations computed. 
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2 . Periodicity 



To examine further the periodicity in the blade-to- 
blade direction, the performance parameters were evaluated 
using data obtained in a single test** from the four dif- 
ferent blade passages. Results are plotted in Figures 15 
through 18 and are listed in Tables IX through XIV. Each 
point in the figures represents a calculated performance 
parameter for the integration limits indicated by bars in 
the blade- to-blade direction. Differences are seen in the 
values obtained over different integration limits. Two 
factors are considered to contribute to the indicated 
differences . 

First, in the blade- to -blade direction only the center 
instrumented blade wake was well defined as a result of using 
small increments (0.1 inches) in displacement in the probe 
survey procedure. Due to the memory limitation of the HP- 
9845A desktop computer the three other blade wakes were 
defined with only 0.25 inches increments. Thus, these 
blade wakes are considered to be inadequately defined for 
integration purposes. It is noted that the overlapping 
parabola technique used for integration can give significant 
errors where rapid changes occur in the slope or curvature 



**BETA=38. 91 , Re = 676000 
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when data are too widely spaced. This part of the difference 
is an error in data evaluation. 

Second, there are small but measureable differences 
in total pressure levels outside the wake regions which 
have their origin in differences in flow profiles generated 
by different passages through the IGV assembly. This can 
be seen in Figure A 9 1, which shows the total pressure 
distributions for the particular test conditions represented 
in Figures 15 through 18. It is noted however that if the 
distribution in Figure A91 is overlayed with the distribution 
measured at corresponding blade- to-blade locations at 
the lower plane (Fig* A96) there is seen to be little dif- 
ference except in the x^ave of the test blades. • 

Thus the differences in Figures 15 through 18 are 
considered to represent maxima in the possible uncertainties 
of the quantities plotted. An experiment in which equally 
detailed surveys are made across multiple passages is 
required in order to examine the uncertainty in more detail. 

3 . Pseudo Txvo Dimensionality 

No attempt has been made in the present work to re- 
solve differences found earlier between values of the blade 
force evaluated from probe measurements, and those from 
surface pressures. Himes [Ref. 4] reported that the value 
of Cfm (the blade force coefficient derived from probe 
survey data) was highly sensitive to small inaccuracies in 
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the survey data and too coarse a spacing of data points. 

The present results show improved consistency in the measure 
ments of Cfm but the disagreement remains. 

The values of Cfm and CfB, the blade force coeffi- 
cient derived from instrumented blade pressure distribution 
data are given in Table VI. 

B. CD CASCADE PERFORMANCE 

The CD blading test results in Figures 7 and 8 show that 
there was no measurable effect of the Reynolds number on the 
blade loss coefficients in the range of Re. = 474000 to 
Re. = 690000. A minimum loss coefficnet of 0.024 was 
obtained at an air inlet angle of 34°. Based on twice the 
minimum loss coefficient, the range of air incidence angle 
was from 24.3° to 47.2°. 

The slope of the static pressure rise coefficient vs 
inlet air angle shown in Figure 9 was found to change signi- 
ficantly at air inlet angles close to the minimum loss value 
A consistent but small effect of the Reynolds number was 
clearly present. A similar change in slope was observed 
in the values of the AVDR shown plotted in Figures 12 
through 14. It is somewhat curious that the AVDR did not 
depend more simply on the static pressure rise than the 
behaviors shown in Figure 12. The largest value of the AVDR 
was measured at inlet air angles 2 ° less than the angle 
for minimum loss. 
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One further observation concerning air angles less than 
"reference incidence" should be made. At each of the three 
such angles tested, a nearly pure tone whistle was produced 
when the cascade was first turned on at low speeds. The 
tone was quite loud but could be made to disappear by 
increasing the blower speed, and therefore the flow velocity. 
The origin of the tone was not found. It is noted however 
that no such effect was observed in the tests of the DCA 
reference blading, and consequently the tone must be asso- 
ciated with the flow through the test blading rather than the 
IGV assembly. 

It is suggested that the IGV assembly did not work well 
for inlet air angles smaller than 28 degrees. In the 
figures showing the total pressure distributions at the lower 
plane***, the IGV wakes for air angles less than 28 degrees 
are seen to be much greater than for angles which are 
between 28 degrees and 40 degrees. 

C. COMPARISON WITH DCA CASCADE RESULTS 

In Figures 7 through 14 Himes results for the reference 
DCA blading are shown for comparison with the CD blading 
data using broken lines; some differences are apparent. 



***Appendix A, Pt Vs Blade- to-Blade Position. 
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Himes used the same facility, instrumentation, 
acquisition and reduction software. The only notable dif- 
ference was that the lower probe was cleaned and recali- 
brated for the CD blading tests when suspiciously large 
pitch angles were indicated by the probe. It was discovered 
(prior to the tests reported here) that the fluid used to 
obtain china-clay surface flow visualization [Ref. 6] could, 

when sprayed on the model, easily contaminate the probe 
pneumatic ports. Considerable care was taken thereafter 
to ensure that this did not happen. Contamination may have 
been the cause of the indicated pitch angles which were 
not found after probe cleaning and recalibration. 

The repeatability o.f the test data was somewhat improved 
in the present tests over that achieved by Himes. Constant 
attention to detail and careful resolution of the blade 
wakes are thought to be important if the loss data are to 
be obtained repeatably. 

At corresponding inlet air angles, the loss coefficient 
for the CD blading was determined to be generally less than 
that for the DCA reference blading (Figure 7) and the varia- 
tion with inlet air angle was without inflexion points. The 
static pressure rise coefficient variation however did 
exhibit an inflexion where the DCA cascade results did not 
(Figure 10) . Static pressure rise was greater at larger 
inlet air angles (>36°) and less at smaller inlet air angles 
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(<36°). Differences in the AVDR shown in Figures 12 through 
14 would of course effect the cascade pressure rise. 

A clear difference was measured in the outlet air angles, 
3° greater than those produced by the reference DCA blading 
at inlet air angles corresponding to large negative inci- 
dence. The difference was less than 1° at design inlet 
air angle and at more positive incidence. 

The differences in the behavior of the two blade sets at 
negative incidence are significant. Careful examination of 
surface flow conditions may result in better understanding. 
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VII. CONCLUSIONS 



1. The inlet flow was acceptably uniform at the lower 
plane at air inlet angles greater than about 28°. 

2. The flow was acceptably uniform over the center 20 percent 
of the blade in the spanwise direction at the upper 
plane . 

3. The periodicity at the upper plane is thought to be 
acceptable; however, equally detailed surveys are re- 
quired over multiple passages in order to quantify non- 
periodic effects on the measurements. 

4. Loss coefficients were determined to be less than those 
for the reference DCA blading except at the highest inlet 
air angles. No Reynolds number dependence was detected 
over the range of the tests. 

5. Outlet air angles ranged from 1/2° to 3° larger than 
for the DCA blading at corresponding inlet air angles. 

6. Static pressure rise coefficient was lower than that 
for the reference DCA blading at inlet air angles less 
than 36° and higher at inlet air angles greater than 36°. 

A small but measurable effect of Reynolds number was 
detected. Differences in AVDR were present. 

7. The test cascade produced an audible whistle at lower 
speeds and inlet air angles less than reference 'incidence' 
conditions . 
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VIII. RECOMMENDATIONS 



The following are added to the recommendations given 

in Reference 4 : 

1. Consideration should be given to changing the probe 
survey procedure. Since the flow yaw angle variation is 
very small at both measurement planes (at least two 
chord lengths upstream and 1 1/2 chord lengths downstream 
of the blading), a procedure of surveying at a fixed, 
average probe yaw angle could possibly be used. Such a 
procedure would allow more detailed surveys over multiple 
passages with possibly a reduction in survey time. 

Proof of the procedure and modifications in software 
would be required. 

2. More information should be sought through the use of 
flow visualization techniques other than china-clay. 

This is necessary in order to explain the qualitative 
changes evident in the performance measurements and to 
explain the observed audible whistle. 
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Figure 1. Test Facility Schematic. 
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Figure 2. Cascade Test Section. 
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Test Section Instrumentation and Physical Dimensions. 
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Figure 5. Cascade Geometry, and Definition of Angles. 
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Inlet Air Angle 

Figure 7. Loss Coefficient Versus Inlet Air angle 
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Figure 8. Loss Coefficient Parameter Versus Diffusion Factor 



0.03 



in 

U"l 




y xaq.euie.xea; quaxoxqqaoo ssoi 



38 



0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Diffusion Factor 

Figure 9. Loss Coefficient Parameter '(5!) versus Diffusion Factor. 
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Inlet Air Angle (degrees) 

Figure 10. static Pressure Rise Coefficient Versus Inlet Air Angle 
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Inlet Air Angle (degrees) 

Figure 11. Outlet Air Angle Versus Inlet Air Angle 
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Figure 12. AVDR Versus Static Pressure Rise Coefficient 
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Figure 13. AVDR Versus Diffusion Factor 
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Inlet Air Angle (degrees) 

Figure 14. AVDR versus Inlet Air Angle. 
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Figure 15 Loss Coefficient vs Blade- to-Blade Position. 
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Figure 17 Diffusion Factor vs Blade - to -B lade Position 




Inlet Air Angle vs Blade -to-Blade Position 
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Figure 18 



TABLE I. 



MEASUREMENT UNCERTAINTY 



Item 


Oescr ip t ion 


Method 


Uncert a 


inty 


X 


31ade-co-Blade dimension 
x =* 0 in. West end 
x 3 60 in. East end 


Position 

Potentiometer 


£.01 in. 




2 


Spanwise dimension 
z 3 0 in. North wall 
2 * 10 in. South wall 


Position 
Potentiometer 
on probe mount 


±.01 in. 




6 i 


Inlet flow yaw angle 


Angle Potenti- 
ometer on probe 
mount (hand 
adjustment) 


±.2 deg. 




3 2 


Outlet flow 


yaw angle 


Angle Potenti- 
ometer on probe 
mount (motor 
driven adjustment) 


± . 5 deg. 




P plen 


Plenum total 


pressure 


Static tap in 
plenum chamber 
V = 0 


± .01 in. 
gauge 


H o 0 


P 

s 


Static pressure at the 
test plane 


Calibrated pneu- 
matic probe 


a . 1 in . 
gauge 


H->0 

L. 


P w* 


Static pressure at 
x =* 0 in., y = -16.25 in., 
z = 0 in. 


Static tap on 
North wall 


±.01 in . 
gauge 


H o 0 


p 

ATM 


Atmospheric 


pressure 








p 


Pressure 




Scanivalve 

Transducer 


±.01 in. 
gauge 


o 

c l 

m 
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TABLE II. CASCADE PERFORMANCE FORMULAS 
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(0 O 
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TABLE II- (continued) 
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TABLE III 



CASCADE CONFIGURATION PARAMETERS 
Constants 



Blade type 


CD 


Number of blades 


20 


Spacing (inches) 


3.0 


Solidity 


1.67 


Thickness {% chord) 


7.0 


Stagger angle 


14.27 
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TABLE 



IV TEST BLADE COORDINATES 



X-COORD. 


Y-PFESS . 


Y-SUCT 


0.0 


0.045 


0.045 


0.022 




0.084 


0.057 


0.002 


— 


0.222 


0.044 


0.196 


0.444 


0.101 


0.307 


0.666 


0.155 


0.403 


0.888 


0.207 


0.488 


1.110 


0.255 


0.561 


1.332 


0.299 


0.621 


1.554 


0.330 


0.663 


1.776 


0.350 


0.691 


1.998 


0.359 


0.705 


2.220 


0.359 


0.708 


2.442 


0.352 


0.701 


2.664 


0.342 


0.681 


2.886 


0.331 


0.650 


3.108 


0.317 


0.610 


3.330 


0.301 


0.563 


3.552 


0.281 


0.510 


3.774 


0.257 


0.453 


3.996 


0.227 


0.393 


4.218 


0.191 


0.332 


4.440 


0.146 


0.270 


4.662 


0.089 


0.208 


4.884 


0.019 


0.145 


4.925 


0.004 


— 


4.964 




0.122 


5.010 


0.062 


0.062 
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FLOW UNIFORMITY SUMMARY 
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TABLE V (Cont) 

Inlet Plane: Mid 20% of span 
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Outlet Plane: Mid 20 % of span 
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Inlet Plane: -3 to 0 blade-to-blade direction 
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CASCADE PERFORMANCE SUMMARY 
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TABLE VII 



DISTRIBUTION OF PERFORMANCE PARAMETERS IN THE BLADE -TO- 
BLADE DIRECTION 



UPPER PLANE DATA FROM FILE 3D3319 
LOWER PLANE DATA FROM FILE BD3319 
INTEGRATION FROM! -3.5 
TO: -5.5 



UPPER PLANE DATA FROM FILE BD3319 
LOWER PLANE DATA FROM FILE BD3319 
INTEGRATION FROM: * -2.5 

TO: 1.5 



LOSS COEFFICIENT: 
INLET AIR ANGLE: 
OUTLET AIR ANGLE: 
DIFFUSION FACTOR: 



2.3295131 1684E-02 
33.9097 
2 . 5656 1 
.394644822359 



LOSS coefficient: 
INLET AIR ANGLE: 
OUTLET AIR ANGLE: 
DIFFUSION FACTOR: 



3. 90277574332E-02 
38.6422 
3.25217 
. 360025937117 



STATIC PR. RISE COEF. 


. 317376812872 


STATIC PR. PISE COEF. 


. 317045632555 


TANGENTIAL FORCE COEF.X 


-1 . 1996132 


TANGENTIAL FORCE COEF.X 


- 1 . 1731427 


AXIAL FORCE COEF.Y 


-. 535691612288 


AXIAL 


FORCE COEF.Y 


-1 1.0035152095 


INCIDENCE ANGLE: 


1 . 7797 


INCIDENCE ANGLE: 


1 .5122 


DEVIATION ANGLE: 


1 1 . 15561 


DEVIATION ANGLE: 


11.84217 


LOSS COEFFICIENT 




LOSS 


COEFFICIENT 




parameter: 


8. 463 10437910E-03 




PARAMETER: 


1 . 1 666 1 389572E 


AXIAL VELOCITY-DENSITY 




AXIAL 


VELOCITY-DENSITY 




RATIO CAVDR): 


1 . 04166509828 




RATIO CAVDR): 


1 .37091719401 


CFA, 1st term: 


1 . 6475912693 


CFA, 


1st term: 


2. 17571413275 


CFA, 2nd term: 


1 . 70682 


CFA, 


2nd term: 


2.22715 


CFA, 3rd term: 


39.917 


CFA, 


3rd term: 


39.8644 


CFA , 4th t erm : 


40.3036 


CFA, 


4th term*. 


53.3101 


CFA, 5th term: 


-1.01371 1841 15E-02 


CFA, 


5th term: 


-2. 49362065775 



UPPER PLANE DATA FROM FILE BD331A 

l2TF E r/ LflNE FR0 " S 

INTEGRATION FROM: -5.5 

TO: -2.5 



LOSS COEFFICIENT: 

INLET AIR ANGLE: 

OUTLET AIR ANGLE: 

diffusion factor: 

STATIC PR. RISE COEF. 
TANGENTIAL FORCE COEF, X 
AXIRL FORCE COEF . Y 
INCIDENCE ANGLE: 
DEVIATION ANGLE: 

LOSS COEFFICIENT 

PARAMETER: 

AXIAL velocity-density 







RATIO 


CFA, 


1st 


term 


CFA, 


2nd 


t erm 


CFA, 


3rd 


t erm 


CFA, 


4th 


t erm: 


CFA, 


5th 


t erm ; 



2. 95907328674E-0? 
38.5739 
3. 58313 
. 345149777579 
.318197038385 
-1. 15955 
-14, 9566072223 
1 . 4439 
12. 17318 

8. 84218 158437E-03 

1 . 55183861658 
2. 4630006603 
2.53555 
39.8542 
60.41 

-5. 6717421 1735 



UPPER PLANE DATA c ROM FILE BD3319 
LOWER PLANE DATA FROM FILE BD3319 

integration FROM: 1.5 

TO: 4.5 



LOSS COEFFICIENT: 

INLET AIR ANGLE: 

OUTLET AIR ANGLE: 
DIFFUSION FACTOR: 

STATIC PR. RISE COEF. 
TANGENTIAL FORCE COEF . X 
AXIAL FORCE COEF . Y 
INCIDENCE ANGLE: 
DEVIATION ANGLE: 

LOSS COEFFICIENT 

parameter: 

axial VELOCITY-DENSITY 
RATIO <AVDR>: 
CPA , 1st term: 

CFA, 2nd term.* 

CFA, 3rd term: 

CFA, 4th term: 

CFA, 5th term: 



3.01525363151E-02 
39.2907 
2.31981 
. 39853183075 
.314836492943 
-1. 1942644 
-. 35936653236 
2. 1607 
1 1 . 40981 

9. 01677462820E-03 

1 . 0486244959 
1 .63906300456 
1 . 70826 
39.318 
39.6154 

-7.23046254033E-03 
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APPENDIX A 



FLOW QUALITY DOCUMENTATION 



1 . Uniformity and Periodicity 

Periodicity for blade - to -blade surveys and uni- 
formity of dynamic pressure CQ/Q re £) > static pressure 
CAP /Q r) > total pressure (AP./Q f ) , non-dimensional 

oXwJL L I u 1 

velocity (X/X , and Beta for spanwise and blade- to-blade 

I V 1 

surveys at the inlet and outlet planes are documented in 
Tables A-l through A-128 and shown in Figures A-l through 
A-169. The notation for these results is as follows: 



Reference values, Q r and X £ were based on plenum 

* *ref ref * 



2 . Blade Surface Pressure Distributions 

Surface pressure coefficients are plotted in Figures 
141-154 and the data are listed with each probe survey data 
set in the tables. The values of C were calculated as the 



difference between local surface pressure and upstream mass- 
averaged static pressure divided by mass averaged upstream 
dynamic pressure. The mass - averaged values were obtained by 
integrating lower plane probe survey data over one blade space. 




local value of Q/Q re f 

( p s- p wd«ref 

t P plen" P t^^ref 

local value of X/X r 

ref 




P 
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Figure 



Q/Qref (upper plane) VS SPAN POSITION 

* BETA1*24 .SO Re»S26000 

* BETA1=24 .49 Re=690000 






Figure A- 2 



APt/Qref (upper plane) VS SPAN POSITION 

• 5 “ * EETA1=24 . 80 Re'S26000 

+ BETA1=24. 49 Re=690000 



.3 - 



. I 




-.3 - 



- _ 5 i . i , i i i t i ; i i i 

Figure A- 3 inches 

X/Xref (upper plane) VS SPAN POSITION 




Figure A-4 
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BETA2 VS SPAN POSITION 



Figure A 



Figure 
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